The nutritional quality of dietary protein is related to the concentration of essential amino acids in the protein, compared with their nutritional requirements in the human body (Anonymous, 2007) . Foodstuffs that lack essential amino acids might be poor sources of protein equivalents, as the body tends to deaminate the amino acids obtained, converting proteins into fats and carbohydrates. The amino acid score can be used to predict biological value or the anticipated ability of the absorbed test protein to fulfil human amino acid requirements (Anonymous, 2007) .
Barley kernels contain low levels of lipids -approximately 2-4% of total grain weight (Welch, 1978) . Barley contains the highest amount of fat-soluble vitamin E (tocols), comparing with major cereals (Kerckhoffs et al., 2002) . Fat-soluble vitamin E is an important antioxidant in foods and its concentration is positively correlated with oil content (Newman and Newman, 2008) . Barley grains contain all eight isomers -four tocopherols (á-T, â-T, g-T and-T) and four tocotrienols (á-T3, â-T3, g-T3 and d-T3) (Morrison, 1978; Zielinski, 2001) . Andersson et al. (2008) reported that the average proportion of tocotrienol was 76.8% of total tocol content, indicating that barley is one of the richest sources of tocotrienols among cereal grains .
The health effects of barley have been primarily attributed to the dietary fibre fraction, particularly â-glucan. Water-soluble dietary fibre can form viscous solutions, thus reducing the intestinal transit at the intestine level, delaying gastric emptying (Anderson and Bridges, 1988) and slowing glucose and sterol absorption by the intestine (Kahlon and Chow, 1997) , thus lowering the serum cholesterol, postprandial blood glucose and insulin levels. Insoluble dietary fibres usually have a high waterholding capacity, which contributes to increased fecal bulk. The United States Food and Drug Administration (FDA) has allowed whole-grain barley products that can supply â-glucan at levels of 0.75 g per serving or 3 g per day to carry a claim that they reduce the risk of coronary heart disease (Anonymous, 2005) . Barley is used to make coffee-like beverages and through malting to make a number of beers and speciality malts. To increase barley consumption so that it is a larger portion of PROCEEDINGS OF THE LATVIAN ACADEMY OF SCIENCES. Section B, Vol. 69 (2015) , No. 4 (697), pp. 158-162. DOI: 10.1515 /prolas-2015 Composition of amino acids in grain of barley varieties and perspective breeding lines bred in Latvia in comparison with data from literature are shown in Table 2 . The results showed that the sum of essential amino acids in barley grain samples was from 32.90 g·kg -1 to 37.89 g·kg -1 . Hulless variety 'Irbe' had a higher sum of essential amino acids. Hulless barley variety 'Kornelija' had the highest content of essential amino acids valine, isoleucine, phenylalanine and histidine, and also amino acids glutamine and proline. The content of lysine varied from 3.13 to 4.06 g·kg -1 , which was below the recommended FAO reference standard of 4.5 (Anonymous, 2007) . Content of essential amino acid in g protein (score) was calculated to evaluate the quality of barley grain protein. The amino acid score in comparison with amino acids requirements for human confirmed that all amino acids levels were sufficient, excepting lysine and methionine, which were below the FAO recommended reference standard (Anonymous, 2007) .
The contents of macronutrients and micronutrients in barley varieties and perspective breeding lines are summarised in Table 3 . Hulled variety 'Ansis' is had highest levels of macronutrients K, Ca and Na, and the new hulless variety 'Kornelija' has higher Cu, Mn, Fe and Zn content. (Baik and Ullrich, 2008) . As it is known starch, fibre and protein make up the largest portion of the kernel, and variation in one of these components will influence the amounts of the other two. There was notable variation in protein among the barley varieties and breeding lines. The difference between average protein content in different varieties was 39.8 g·kg -1 . Other studies have also found that barley protein content is highly dependent on the cultivar (Qi et al., 2006) and differs with the growth conditions, particularly with the rate and timing of nitrogen fertilisation (Arendt and Zannini, 2013 (Bleidere et al., 2013) .
Among cereals, barley can be a good source of vitamin E, which is an important phytochemical compound with antioxidant activity and potential benefits for human health. The amount of á-tocopherol determined in this study (6.03 mg·kg -1 to 8.93 mg·kg -1 ) was lower in comparison with other studies, where for hulless varieties á-tocopherol content varied from 8.4 to 10.1 mg·kg -1 , and for hulled varieties from 8.4-8.6 g·kg -1 (Cavarelo et al., 2004) . Also, á-tocopherol content in this study was higher than in our earlier studies, where it ranged from 3.7 mg·kg -1 to 8.7 mg·kg -1 , and á-tocopherol content for variety 'Irbe' was 7.9 mg·kg -1 and for 'Ansis' 6.5 mg·kg -1 (Bleidere et al., 2013) . These differences can be associated with effect of the environment, as individual forms of tocopherols and tocotrienols accumulate with different kinetics during barley grain development (Arendt and Zannini, 2013) . Cavarelo et al. (2004) found that both genotype and environment affected total tocol content.
The results of the study summarised in Table 1 show that all barley varieties had high total dietary fibre content (18.7 to 19.5 g per 100 g), in comparison with values in a review by (Fasnaught, 2001) where total dietary fibre of barley grain ranged from 11 to 34 g per 100 g and soluble dietary fibre from 3 to 20 g per 100 g. Hulless barley grain typically contains less total dietary fibre, in the range of 11-20%, with 11-14% for insoluble dietary fibre and 3-10% for soluble dietary fibre. Unfortunately, soluble dietary fibre in tested grains was not higher than 3.2 g per 100g ('ST1165'). Of all the TDF components in barley, â-glucan is probably the most important in terms of human diet and health benefits. The barley grain usually contains 2-10 g â-glucan in 100 g dry matter, with genotype having the greatest effect (Arendt and Zannini, 2013) . The results of this investigation demonstrated that the highest â-glucan content was in the new hulless variety 'Kornelija' and perspective breeding line 'ST1165', in which â-glucan content was 47.2 g·kg -1 and 49.4 g·kg -1 , respectively.
Amino acid composition of barley protein is quite similar to that of other cereal grains (Arendt and Zannini, 2013) . High glutamic acid and proline contents and relatively low amounts of basic amino acids characterise the barley grain (Newman and Newman, 2005) . In particular, hulled barley protein is slightly higher in lysine content than that of hulless barley (Newman and Newman, 2005) . Average content of amino acids valine, lysine, threonine, histidine, arginine and alanine in all tested barley varieties and breeding lines was higher than mentioned in literature (Arendt and Zannini, 2013) . The results of this study showed that the highest contents of essential amino acids, particularly valine, isoleucine, phenilalanine, histidine and lysine, and also glutamic acid and proline are in new hulless variety 'Kornelija'.
In most cereal increasing the protein content results in a relative increase in the prolamin fraction (generally low in lysine content) and, as a result, overall protein quality; therefore, a negative relationship of lysine to overall protein content is typical in cereal grain (Arendt and Zannini, 2013) . The study showed that protein and lysine content in barley grain had a weak positive correlation r = 0.34 (p < 0.05), which is in contrast with previous studies. Lysine content ranged from 3.13 g kg -1 (hulled variety 'Ansis') to 4.06 g·kg -1 (hulless variety 'Irbe'), and these values are similar to those reported (4.1 g·kg -1 ) for hulless barley (Newman and Newman, 2005) .
There are two important aspects of protein quality: 1) the characteristics of the protein and the food matrix in which it is consumed, and 2) the demands of the individual consuming the food. Recommended intake (FAO/WHO) of total essential amino acids is 83.5 mg per kg body weight per day, or 5.8 g per human with body weight 70 kg (http://www.healthknot.com/protein_requirement.html#subject).
The results of this study demonstrated that the average sum of essential amino acids in barley grains was 31.81 g·kg -1 , particularly, and for hulless variety 'Kornelija' 38.71 g·kg -1 , which is higher than that reported for hulled varieties -30.0 g·kg -1 , and for hulless varieties -33.5 g·kg -1 (Newman and Newman, 2005) .
Comparison of the amino acid composition of barley grain samples with the levels of essential amino acid recommended by the FAO/WHO/UNU for adults shows that barley is deficient in only lysine and methionine, and that some essential amino acids, namely valine, phenilalanine and histidine are present in considerably higher amounts. The amount of phenilalanine (4.97 g·kg -1 ) was 2.6 times higher as recommended. Since net protein utilisation is affected by the limiting amino acid (the sum of phenylalanine and tyrosine), barley grains can be evaluated as a source of protein with high biological value -the average sum of phenylalanine and tyrosine in this study was 7. In general, the contents of total dietary fibre, protein, sum of essential amino acids of the described barley varieties and perspective breeding lines bred in Latvia suggest that there are many possibilities of using barley in food products with high biological value. Hulless barley, particularly, variety 'Kornelija', could be used for several potential new applications as a wholegrain ingredient in value-added products. 
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